Objective: To explore the potential mis-reporting of speci®c food groups from food frequency questionnaire (FFQ) data and to examine the effect of using a weighting factor on estimated nutrient intake and ranking of subjects within the cohort according to nutrient intake. Design and subjects: A weighting factor was calculated for each of the individual 6572 women aged 35±69 y for four food groups, ®sh, meat, vegetables and fruit, using FFQ data and cross-check responses. Results: The vegetable weighting had most effect on median intakes, particularly of ®bre, vitamins A, C and E and folate. When all the weightings were applied, the median intakes of vitamins A and E were reduced by 35% and 27% respectively and the vitamin C intake was reduced by 44%. Ranking of subjects within the cohort according to nutrient intake was barely affected by the ®sh and meat weightings. The vegetable weighting had most effect on vitamin A with a rank correlation coef®cient of 0.88. When all the weightings were applied the rank correlations for vitamins A, C and E and folate were all less than 0.90. Conclusion: Inclusion of cross-check questions in FFQs can provide an additional source of information on food group intake. This can be compared with FFQ data to help identify possible over-reporting and then to adjust frequency of intake accordingly.
Introduction
Food Frequency Questionnaires (FFQs) are widely used to obtain food intake data on large numbers of people because of ease of administration and relatively low cost (Pietinen et al, 1988a,b) . Studies that have included an attempt to validate the FFQ suggest that fruits and vegetables are more likely to be over-reported than other food groups, (Mullen et al, 1984; Feskanich et al, 1993) although such results may not be generalizable because of the variation in design of the FFQs used and the different populations studied. However, if such a reporting bias exists it could dilute any association between low fruit and vegetable consumption and high incidence of cancer.
High fruit and vegetable intake is thought to be protective against speci®c cancers and heart disease (Doll, 1992; Austoker, 1994) . In order to examine this relationship in more detail and quantify any bene®cial effect, it is essential to measure intake as accurately as possible adjusting for any mis-reporting. Usual diet in humans is impossible to measure accurately by any known method, and measurement error can have a serious effect on risk assessment. The nature of the effect depends on the form the measurement error takes. Random mis-reporting leads to regression dilution, where any effect will be underestimated. Systematic mis-reporting, for example where use of the FFQ leads to similar over-reporting of fruit and vegetable intake in most subjects will have little effect on estimation of the relationship between intake and disease, although it may invalidate comparisons between the diets of this cohort and those of other groups. Mis-reporting may be related to intake in some way, for example with low consumers more likely to over-report than high consumers, and this scaling bias can either in¯ate or dilute estimates of risk (Plummer & Clayton, 1993) . The situation is still more complex when several exposure variables are considered jointly, for example different dietary components, are all measured with error (Rosner et al, 1990) .
A simple method of examining the scale of mis-reporting and potentially applying some correction for it is described in this paper. A weighting factor is used to adjust food frequencies, and its effect on estimated median nutrient intakes and on subjects' ranking within the cohort according to nutrient intake is examined.
Subjects and methods
The sample for the Women's Cohort Study was drawn from respondents to a short UK-wide World Cancer Research Fund questionnaire. Those women who were between the ages of 35 and 69 y and who had indicated that they would be willing to take part in further research were de®ned as eligible for selection for the cohort. Subjects were selected to ensure a high proportion of vegetarians in the cohort. Before contacting subjects ethical approval was obtained from 174 local research ethics committees throughout the UK. Responses to 6572 postal food frequency questionnaires are included in the analyses in this paper.
Dietary data
Dietary assessment is made using a questionnaire which has been developed from one currently being used in a large cohort study of diet and cancer (Riboli, 1992) . To ensure the inclusion of foods frequently consumed by vegetarians a pilot study was undertaken on the sample of vegetarian women in the cohort living in Southampton. Seventy-one women completed an FFQ, and of these 55 completed weighed food diaries for 7 d. As a result of this pilot, more vegetable-based composite dishes were added to the food list, (Cade et al, 1995) together with questions about cooking methods for a variety of foods. Questions about the number of servings of a food group consumed per week were added, to act as cross-checks for the FFQ. The FFQ consists of a list of 219 foods with 10 pre-coded classi®cations of frequency of consumption ranging from never to 6 or more times per day. Participants are asked about their food intake over the past year.
Nine of the 19 fruit items were under the heading of seasonal', and respondents were asked to record how often they ate them when they were in season. The average portion weight was scaled prior to analysis according to how many months the fruit was readily available. For the purpose of this adjustment we took no account of intake of canned or frozen fruit.
Prior to calculating nutrient intakes each food listed had an`average' portion weight and nutrient composition data assigned (Paul & Southgate, 1992) . The portion weight was calculated as an average of three data sources: the pilot study weighed food diaries, women's food portion sizes from the National Diet and Nutrition Survey, (The Dietary and Nutritional Survey of British Adults, 1994) and published values (Crawley, 1993) . Foods are often listed as single items but in practice this could represent several types of the food. For example, bacon could include a variety of cuts including back, middle or streaky, and the bacon could be grilled or fried. Consequently, foods were chosen from the nutrient composition database to include all possible types of the food and all possible cooking methods. For each food item listed the portion weight, nutrient composition and subject's frequency of consumption are used to calculate nutrient intakes for the standard analysis method (Margetts et al, 1989) .
A second analysis was carried out using the same information as in the standard procedure except that a weighting factor was used. This weighting was derived from both FFQ data and information from cross-check questions. Cross-check questions were in the form:`How many servings of fruit and fruit containing dishes do you eat per week?'. Similar questions for meat, ®sh and vegetables were included in the questionnaire. Subjects were asked to exclude potatoes in their estimate of vegetable servings per week and exclude dried fruit and fruit juices in their estimate of fruit servings per week. There were 19 fruits (excluding dried fruit and fruit juice), 31 vegetables (excluding potatoes), 7 ®sh and 19 meat foods included on the FFQ. Frequencies for each food on the FFQ were converted to number of times per week and then summed for each food group. For example each fruit item was calculated as a frequency per week and then all fruit item frequencies were added together to give a total number of fruit servings per week. For the purpose of all analyses missing values on the FFQ were recoded to the value of zero.
A weighting factor was calculated for each subject. The per week response to the cross-check question was divided by the sum of frequencies from the FFQ, for each food group, as shown below:
Number of servings per week from cross-check question Number of servings per week from individual food items on the FFQ If the cross-check question is a more accurate measure of intake than the FFQ, then applying this weighting will lead to better estimates of nutrient intake. Each subject had four weighting factors, one for each group, according to their reported food intake from the two different measures. To calculate nutrient intakes adjusted by this weighting factor, each subject's weighting was applied to each food item within the food group, that is the fruit weighting was applied to each fruit item individually and so on. The standard analysis was then performed with the adjustment having been made to the frequency. Analysis was carried out for each food group weighting individually and all food group weightings together. Subjects who did not complete the cross-check question for a particular food, even though they did eat food of that kind according to their FFQ responses, were excluded from any analysis of that food group. Subjects who reported food intake highly discrepantly were compared with the rest of the cohort using chi-squared tests and two-sample t-tests. The chi-squared test for trend was used to examine differences in educational quali®ca-tions. Spearman rank correlation coef®cients were calculated to compare the rankings of subjects according to the standard and weighted methods of analysis.
Results
The percentage of subjects according to discrepancy of reported intake by the cross-check question and the FFQ is shown in Table 1 . Reporting of fruit and vegetable consumption is markedly less consistent than that of meat and ®sh. Fifty-one percent of subjects reported ®sh intake similarly by the two methods, namely larger estimate no more than 50% greater than smaller estimate, 45% reported meat intake similarly, but only 18% reported fruit and 7% This column indicates the number of subjects excluded from this analysis because they eat no food in that food group. b Some of these low ratios are due to a zero response to the cross-check question: 35 fruit, 9 vegetable, 205 ®sh and 56 meat.
Mis-reporting of speci®c food groups on FFQ C Calvert et al reported vegetables similarly. Most women reported a higher intake of fruit and vegetables from the FFQ than from the cross-check question. For some women (15% for fruit and 26% for vegetables) the difference was extremely large, differing by a factor of over 5. Most of the relatively few women in this category for meat or ®sh reported no intake of these foods from the cross-check question, leading to a weighting of zero however infrequent their intake according to the FFQ, but this explanation only applies in very few cases for fruit and vegetables. The characteristics of the subjects who showed a large discrepancy (weighting factor less than 1:5, namely ®rst column in Table 1 ) in their reporting of fruit and vegetable intake were examined (Table 2) . Those who did not answer the cross-check question, or for whom the characteristic in question was unknown, were excluded from this analysis. Subjects with a reported low energy intake (`1.2 times basal metabolic rate) were less likely to show large discrepancies (P`0.001 for fruit and vegetables), whereas vegetarians and those on a slimming diet were slightly more likely to report vegetable intake highly discrepantly (P`0.001 and P0.003 respectively). The higher a subject's educational quali®cations, the less likely she was to show a large discrepancy (P`0.001).
The effect of the weighting on median energy, NSP and nutrient intakes is shown in Table 3 . When nutrient intakes were calculated applying all four weightings the median reported intakes of NSP, vitamins A, C and E and folate fell markedly. For instance folate median intake fell from 349 mg to 268 mg when all the weightings were applied and vitamin C from 151 mg to 85 mg. From analysing the data using food weightings separately it appears that the largest effect on median intakes of NSP, vitamins A, C and E and folate was from the vegetable weighting and that the meat weighting had very little effect.
The ranking of subjects according to energy and macronutrient intake was not greatly affected by the weighting factors with the lowest correlation of 0.92 for protein when all weighting factors were applied (Table 4) . Most of the correlations were above 0.90 when the food groups weightings were applied individually. Correlations of this order would be expected because both the standard and weighted analysis used the same data. However, when all weightings were applied correlations were reduced to the order of 0.82 and 0.76 for vitamin A and C respectively. Given that the analyses came from the same questionnaire correlations of 0.76 for vitamin C could suggest that the FFQ method alone, may not be a particularly good instrument for measuring intake of this nutrient.
The percentage agreement between ranking of subjects according to nutrient intake calculated from the standard analyses and nutrient intake calculated from the weighted analyses for NSP and nutrients with the lowest Spearman Rank Correlations is shown in Table 5 . At least 50% of subjects were classi®ed in the same nutrient quartile when comparing their ranking within the cohort by the standard method of analysis with the weighted value. Over 90% subjects were classi®ed within one quartile. Between 1±3% of subjects were misclassi®ed by two quartiles for most nutrients with the exception of vitamins A and C which grossly misclass®ed 5% and 8% of subjects according to the two methods of analysis.
Discussion
This paper describes the effect of using a weighting factor on median nutrient intakes and the ranking of individuals within the cohort according to nutrient intakes. For energy and macronutrient intake the weighting had a more marked effect on the median than on the ranking of subjects in the cohort. For NSP, vitamins A, C and E both the median intake and the ranking of subjects within the cohort were affected signi®cantly by the weighting. This suggests that mis-reporting of food intake does not follow a consistent pattern and that foods that are main sources of NSP, folate and vitamins A, C and E such as fruits and vegetables may be more likely than meat and ®sh consumption to be misreported using the FFQ. The median nutrient intakes of energy and macronutrients derived from the standard analysis of the FFQ were higher than those of UK women in general (Gregory et al, 1990) . In The National Diet and Nutrition Survey there was a suspected under-reporting of food intake by about 50% of subjects (estimated by comparing energy intake to BMR) and food intakes were measured using 7 d weighed intake results and are therefore not directly comparable. Also, our sample is different from the general UK population in other ways. For example, in this sample a large proportion of women had high educational quali®ca-tions, were self-de®ned vegetarians (38% vegetarians) and were non-smokers, 8% smokers vs 26% women in the general population (General Household Survey, 1995) . The association of discrepant reporting with educational quali®cations suggests that the differences we report in this paper may be even more marked if the questionnaire were used on a less highly educated section of the population.
There are recognized gender, age and other differences in dietary self-report (Worsley et al, 1984) . Dietary assessment methods have tried to identify the characteristics of individuals who are more likely to mis-report food intake. For example, studies have identi®ed under-reporting of food intake by obese subjects (Southgate, 1986; Livingstone et al, 1990) . In this sample, vegetarians were more likely to have a large discrepancy in the frequency of vegetable consumption reported by the two methods (FFQ and cross-check question) whereas those with a reported low energy intake were less likely to. The dif®-culty of measuring fruit and vegetable intake accurately using FFQs has been well documented (Krebs-Smith et al, 1995) . In this sample, with a large proportion of vegetarians, the apparent over-reporting may be a consequence of the method. FFQs do not take account of the context in which the food is eaten and may include foods where an entire`average' portion is not eaten, for instance, vegetables consumed as part of a mixed dish. Foods consumed in these ways will be counted by the researcher as single average servings of each item. Inclusion of a cross-check question could be useful in correcting this type of overestimation.
A further possible explanation for differential overreporting could be related to social desirability scores, (Hebert et al, 1995) which result in a tendency to overreport so-called`healthy foods' including fruits and vegetables.
It is possible that there is differential mis-reporting of foods within the food groups of fruit and vegetables. For example, subjects may be more likely to over-estimate strawberry consumption than apple consumption. The weighting factor does not take account of the differential mis-reporting of individual food items.
Inclusion of this type of cross-check question was straightforward and is unlikely to require a lot of time or effort on the part of the subject to complete. Despite its limitations it may be worth considering using the crosscheck information to identify potential mis-reporting and if appropriate to adjust FFQ intake. Mis-reporting of speci®c food groups on FFQ C Calvert et al
